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taries. The resultant methylmercury We investigated B-Pb levels and audito-(MeHg) exposure from contaminated fish ry sensory-neural functioning in children may have neurotoxic consequences and living in an area of high Pb use in Cotapaxi impair the peripheral and central auditory Province, Ecuador, where Pb-glazing of systems (12, 13) . ceramic tiles and artisan crafts is the main
The aims of this study were to investicottage industry. The primary source of Pb gate Pb and Hg exposure levels and auditory exposure in the area is contact with Pb sensory-neural functioning in Ecuadorian children living in a Pb-tile glazing area and a gold mining area, and to report the findings to the local communities and health authorities. The specific research study questions investigated were 1) What are the Pb and Hg exposure levels in children living in the Pb producing area and in a comparable area of no known lead production where Hg is used in gold mining? 2) Is there a correlation between B-Pb, B-Hg, and sensory-neural hearing loss? 3) Is nerve conduction in the brain stem auditory pathways altered by ele (1, 390 females and 1,308 males). The children in the Pb-exposed group (40 males and 42 females) were selected randomly from several classrooms and grade levels with the assistance of the school principal, teachers, and parents, and provided an epidemiological profile of the study area. Since most villagers have tile baking ovens in close proximity to their homes, it may be assumed that most children in the area have a high risk of Pb exposure. B-Pb and B-Hg were measured in a second group of school children (n = 14: 5 males and 9 females aged 5-14 years) living in a nontile producing area (non-Pb-exposed group) approximately 100 km from the Pb-exposed group study site. The non-Pb-exposed group was located on the western slope of the Andes, at an altitude of about 700 m, in La Mana, Ecuador. The inhabitants of the La Mana area are of mainly mixed (mestizo) ethnic background and the primary occupations in this region are farming and gold mining. Mercury is used in the La Mana area in the gold mining process. Because Hg is a component of the battery extract used in the Pb glazing area and widely used in the gold mining areas, B-Hg levels were also measured in both groups.
Nutritional background. The basic diet of the population of La Victoria and El Tejar (Pb-exposed group) consists mainly of corn, barley, wheat bread, potatoes, cheese, rice, and some pasta, milk, vegetables, chicken, pork, and guinea pig. Because of a previous history of iodine deficiency in the area, local consumer salt supplemented with iodine was introduced about 10 years ago. In the La Mana region, the diet of the population (non-Pb-exposed group) mainly consists of plantain, rice, manioc, bananas, beans, a few vegetables, a small amount of meat, and fish from the nearby river Calope, which receives water from several streams serving gold mines in the area.
Blood tests. Metal exposure was assessed by determination of the concentration of Pb and Hg in whole blood. Blood was collected from the cubital vein following thorough skin cleaning using two or three swabs containing isopropanol. Blood (10-20 ml) was collected using evacuated blood-collecting tubes with Li-heparin. A suitable number of tubes from the same batch was previously tested to ensure freedom from metal contamination. Quality control tests were performed for both Pb and Hg samples. Determination of Pb and Hg in blood was carried out using inductively coupled plasma-mass spectrometry (ICPMS). Briefly, 4.5 ml of a solution of EDTA (0.5 g/l), Triton-X 100 (0.5 g/l), and ammonia (5 g/l) in Millipore water was added to 0. Otolaryngologic examinations and audiologic tests. An otologic/audiologic case history was taken on each subject/patient at the time of examination. An otoscope was used for diagnostic examination of the ear canal, eardrum, and middle ear. Tympanometric results were obtained using the GSI-37 tympanometer. Tympanometry, in combination with the otolaryngologic examination, was used to rule out eustachian dysfunction, eardrum abnormalities, otitis media, ossicular chain disruption, and other middle-ear pathology. Only children without sign of middle-ear pathology were included in this aspect of the study. Audiologic test data were obtained from 62 of the 82 children in the Pb-exposed group who received blood tests. Thirteen subjects were unavailable for audiologic examination because of work or school schedules, and data were not included for seven subjects because of complications from chronic otitis media, tympanic membrane injury, genetic deafness, and unreliable responses. The 62 Pb-exposed children from whom audiologic data were obtained ranged in age from 6 to 15 years (median age 10 years). Pure tone air conduction threshold data were obtained in a quiet classroom or other sound-attenuated setting at 0.25, 0. (14) . The electrodes were connected to a standard (100-3,000 Hz bandpass filters) pre amp (105), which was connected to the computer averager. Broad band monaural rarefaction click stimuli (70-100 dB normalized hearing level, 100-psec duration) were delivered to the ear through TDH 49 headphones at a rate of 10/sec for the ABR tests (1,024-2,048 sweeps/trial). The absolute latencies ofwaves I, II, III, IV, V, and the interwave latencies of I-III, III-V, and I-V were measured in milliseconds and analyzed for mean and variability (16 audiologic tests in the Pb-exposed group was 52.6 pg/dl (range 9.9-110.0 pg/dl), comparable to that of the total sample of 82 subjects in the epidemiological profile. The difference in B-Pb levels between children in the Pb-exposed group and those in the non-Pb-exposed group was statistically significant (p<0.001). There was no statistically significant relationship between B-Pb level and age of the children in either the Pb-exposed group or the non-Pb-exposed group, nor was there any statistically significant difference in B-Pb levels between boys and girls (medians were 53.0 and 41.0 pg/dl for the Pb-exposed group and 5.0 and 7.1 pg/dl for the non-Pb-exposed group for boys and girls, respectively).
Audiologiclotolaryngologic findings. Figure 1 shows the distribution of B-Pb levels for the 62 children receiving audiologic tests. Otolaryngologic examination of 82 children in the Pb-exposed group revealed one case of otitis media, one case of tympanic perforation, and no atresia or nasopharyngeal abnormality. The mean auditory threshold obtained from 62 children at the pure tone frequencies 0.25, 0.5, 1, 2, 3, 4, 6, and 8 kHz was in the normal range (10-24 dB hearing level). A small number of individuals showed slightly elevated auditory thresholds at some pure tone frequencies, but statistical analyses using Pearson's r coefficient revealed no significant relationship between B-Pb levels and hearing acuity. Figure 2 shows the auditory thresholds for 62 individual subjects with B-Pb levels ranging from 9.9 pg/dl to 110.0 pg/dl at the pure tone frequencies of [1] [2] [3] [4] [5] [6] [7] [8] kHz. Figure 3A illustrates the averaged high frequency threshold at 2, 3, 4, 6, and 8 kHz (the frequency range of previously reported Pb-induced hearing impairment and the frequency range of specific sensitivity to ototoxicity) as a function of B-Pb level. Figure 3A demonstrates normal auditory sensitivity at moderate and high B-Pb levels. Of the 82 children in the Pb-exposed group tested for B-Pb levels, 57 18.9 pg/dl (range 9.9-87.2 pg/dl) (no information was available on 1 child). The differ- (Fig. 3B) .
ABR. In the Pb-exposed group, electrophysiologic brain stem tests on seven children with suspected neuro-audiologic involvement and B-Pb levels of 64.8, 70.0, 70.8, 71.1, 71.1, 79.5, and 83.3 pg/dl revealed ABR recordings in the normal range for absolute (I-V) and interwave peak (I-III, III-V, and I-V) latencies ( Table 2 ). The interpeak latencies or neural conduction times ranged from 2.07 to 2.18 msec for wave peaks I-ILl, 1 .48 to 1.95 msec for III-V, and 3.55 to 4.06 msec for I-V.
Discussion
The median B-Pb level found among children exposed to Pb from automobile batteries in the villages of La Victoria and El Tejar, Ecuador, was found to be approximately 10 times higher than in the children of comparable age in a nonlead producing area of Ecuador, and was comparable to the occupational exposure limits recommended for adult male workers in some countries.
The observation of low B-Hg in the children of the Pb-exposed group indicates minimal exposure to Hg contaminants in the battery extract used for glazing. This finding further indicates that the absorption of Pb is more of a health risk than the other extracted metals used in the tile glazing process. The low B-Hg levels in the non-Pb-exposed group of La Mana (Punta Brava and Calope de Garrido) suggests the absence of any significant MeHg exposure from the consumption of contaminated fish from the local river (Rio Calope), which may receive Hg residues from upstream gold mining operations.
The findings of this study do not support the hypothesis of a relationship between sensory-neural hearing loss and elevated B-Pb levels in children. The observation of normal hearing acuity in a group of 62 children with moderate to extremely high B-Pb levels strongly suggests the absence of any effect of Pb intoxication on the auditory end-organ and contradicts some previous reports. Thus, previous findings of a linear relationship between B-Pb levels and hearing thresholds at considerably lower B-Pb levels may be the result of statistical, sampling, or testing errors. The findings of the present study further suggest that the cognitive disorders associated with childhood plumbism are not necessarily related to impaired hearing acuity.
The results of the electrophysiologic brain stem tests offer further objective evidence of the absence of an elevated B-Pb effect on the cochlea, neurons of the auditory nerve, or the more central brain stem tracts and nuclei. Previous studies have reported consistent linear increases in the absolute latencies of waves III and V, which are believed to be generated at the levels of the nudeus of the lateral lemniscus and the inferior colliculus, respectively, with increases in B-Pb (15) . The ABR results of this study, however, showed normal synaptic latencies and internudear conduction time in subjects with very high B-Pb levels. The normal ABR absolute and interwave peak latencies in some children with elevated B-Pb levels suggest that the effects of Pb on the brain stem tracts and nuclei are minimal or inconsistent at best, and possibly influenced by other factors such as the onset, duration, and frequency of Pb exposure, as well as diseases other than childhood plumbism. More extensive ABR testing on a larger group of Pb-exposed subjects and with variations of stimulus parameters is needed before any firm conclusion can be reached regarding neuroauditory impairment and B-Pb levels.
The high B-Pb levels found in the children of La Victoria and El Tejar probably result from ingestion of Pb-contaminated soil and household dust and Pb-contaminated hands and toys, food, and drinking water (16) . It is also probable that most of the children have experienced lifelong exposure to Pb, since tile production has been common in the area for at least the past 20 years. An earlier preliminary screening of 10 children from the same geographic area, who worked in the Pb-glazing process for up to 3 years, indicated B-Pb levels in excess of 20.0 pg/dl in all subjects tested (17) .
The findings of this study among rural Andean children are similar to some previous studies that have reported Pb poisoning among children from exposure to Pb particles from automobile battery repair shops (18) and from recycling exhausted batteries or burning battery casings for home heat (19) . This study, however, focused uniquely on the widespread leadglazing and baking of ceramic tiles and artisan projects, which continues to put an entire village population at risk. The B-Pb levels observed on this substantial sample of Andean children are considerably higher than those reported in most population surveys, and more elevated than levels generally believed to be associated with sensory and cognitive disorders (4, 5, 8, 9, 11) . For comparison, it may be noted that the average B-Pb level for children of comparable age in the United States ranges from 2.8 to 5.6 jig/dl and in Sweden from 2.2 to 2.9 pg/dl (7, (20) (21) (22) .
Although the current study did not find a correlation between high Pb exposure and auditory function, the previously reported risks for other severe health hazards from extensive Pb poisoning make it imperative to decrease the present levels of Pb contamination in the Pb-glazing tile-producing areas of Ecuador. Most B-Pb levels on the population. The findings of this study were reported to the local communities and local health authorities.
